TT7HEN a current of electricity is passed through an electrolytic * * cell the anode is dissolved while the cathode is plated. If the cell is made in the form of a tube, with the electrodes in the ends, so mounted as to rotate from a horizontal to a vertical position about a horizontal axis, the law of conservation of energy would lead us to expect a greater consumption of energy in the case in which the current passes up through the tube than when the tube is rotated 90 0 making the flow along a horizontal plane. The difference in the two cases of the amount of energy consumed in a unit of time will be in g k } where m is the mass of metal transferred in unit of time, g the force of gravity, h the distance between the electrodes. If the current strength is kept a constant value of I C.G.S. unit, the difference of the potential differences of the two ends in the two cases is E = tngh y where m is 10 times the electro-chemical equivalent of the cation. The above equation can also be put in the form
where Kat is the equivalent weight of the cation and q is 10 times the electro-chemical equivalent of hydrogen. Since, as was first shown by Hittorf, 1 when the cations move with the current the anions move in the opposite direction with a certain definite velocity, the velocity ratios being expressed by the migration constant, n : we have,
where An is the equivalent weight of the anion. Since E can be regarded as a counter E.M.F. a small current should be detected by short-circuiting the voltameter through a delicate galvanometer.
HISTORICAL.
The Effect of Gravity.-To Maxwell belongs the honor of having first shown that such an electro-motive force should exist. In 1878 Maxwell communicated to Nature, 3 a letter written to himself by F. J. Pirani, in which Pirani stated that he had detected such an electro-motive force. In an added note Maxwell spoke of his own attempt to repeat the experiment but found that the greater part of the deflection, if not all, was due to an air bubble floating up and striking the upper electrode. Pirani found as did Maxwell that the electro-motive force persists after the tube had been placed in the horizontal position. In the same volume of Nature, 4 R.
Colley, of Moscow, pointed out that he had published results, 5 which established the fact that such an E.M.F. exists and that he had also calculated its magnitude and verified his results experimentally. Colley, in his successful method, used a glass tube with the electrodes fused through the walls near the ends. One end of the tube was fused shut while the other had a rubber tube placed over it so as to be closed by means of a pinchcock. Two such tubes were used in the experiment. The electrodes in one case were of silver and the electrolyte was silver nitrate; in the other they were of cadmium and the electrolyte was cadmium iodide. Wires connected to the electrodes led the current through a resistance box and a sensitive galvanometer, the sensibility of the galvanometer being 8 x io~9 with a period of 80 sec. He pointed out that it is necessary to remove all air from the electrolyte by means of an air pump. He found by calculation and also by experiment that in the case of silver nitrate the E.M.F. is down, while with cadmium iodide it is up through the tube. The following table contains his results. He explained the discrepancy by a statement of Helmholtz, that Ohm's law seems to be inapplicable to weak currents, or that they behave as if the cell had a much larger resistance than calculated. He determined the resistance of the cell by Ohm's method and finds it to be 18240. Using this resistance the calculated deflection was 6.61 compared with 6.83 by experiment.
Gore has done considerable work which has more or less bearing upon this subject. In an article entitled Relation of Volta ElectroMotive Force to Pressure, 1 he described a long series of experiments with glass tubes 3 meters long and 1 cm. bore, fitted with paraffined corks through which wires passed for electrodes. The tubes were filled with the electrolyte through a T at the middle leaving an air bubble of .5 cm. In some cases as many as five of these tubes were mounted side by side and connected in series, the lower end of one being connected to the top of the next. These were connected through a galvanometer and a resistance of 50,000
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ohms. The method of procedure was to place the tubes in a horizontal position until the galvanometer came to a steady position and then to turn the tubes to the vertical position and note the maximum deflection which was obtained in from 4 to 10 minutes. He says, " No perceptible amount of interference was caused by the small difference of temperature between the top and the bottom of the room usually equal to about i°.5C." The electrodes were made from the same piece of metal. The electrolytes were solutions of various salts of varying proportions. The results are given in terms of galvanometer deflection, the sensibility not being given except in one case. (Expt. 93, 8° corresponds to an E.M.F. of .00572 volt.) Experiment 93 was with zinc electrodes in an electrolyte of KC1. Two tubes were in series making h = 600 cm., which will give approximately 1 x 10 ~5 volts per cm. height (compared with 2.4 x 1 o~8 volts for zinc in ZnS0 4 ). Of 91 experiments, 41 showed a perceptible current. Of the 41, 39 were up. With zinc in zinc sulphate he detects no current. Dr. Gore also tried the effect of pressure by making a tube with a porous biscuit-ware diaphragm inserted between the electrodes. By means of this and a tube fused into the first he was able to keep both electrodes at atmospheric pressure while their difference in height was 3 meters. Upon connecting to the galvanometer he was unable to detect a current. He next placed both electrodes in the same horizontal plane with the diaphragm inserted between them and by means of a rubber tube filled with mercury he was able to vary the pressure on one while the other was at atmospheric pressure. A pressure of 30 inches of mercury gave a deflection of 6° and a pressure of 52 inches gave 12°. The electrode which was under pressure was positive to the other.
Dr. Gore's second article is interesting on account of its errors rather than results. The article is entitled Influence of Proximity of Substance upon Voltaic Action.
1
In his experiments he made use of 72 pigs of lead, weighing 8,271 lbs., as an influencing mass. From his calculation he shows the looked-for effect to be 1/24 x io* -8 of the effect due to the force of gravity. (Which would be 1 x 10 ~1 7 in the case of zinc in zinc sulphate solution.
With potassium chloride the effect will be even less since the equivalent weights of the ions are nearly equal and the migration constant, n = .516.) The apparatus used was a number of cells in series mounted so as to rotate in a horizontal plane about a vertical axis, thus presenting either end to the mass of lead. Dr. Gore says there were several disturbances but they were sufficiently small to permit a very minute deflection of the galvanometer due to the presence of the lead provided a proper method of averaging the magnitudes was employed. The second apparatus consisted of a number of tubes in series mounted so as to slide endwise into and out of lead tubes, one end entering as the other receded. The third apparatus was built on the same general plan with the tubes of larger cross section, thus reducing the resistance. He concludes from his results that the proximity of lead increases the positive condition of the electrodes. A galvanometer was used in this experiment ; probably the one used in the first experiment. Judging from the calculated values and the sensibility of the galvanometer, we are pretty safe in saying that the effect detected by Dr. Gore was not due to the gravitational attraction of the lead on the ions.
In an article entitled Unpolarizable Electric Cells under the Influence of Centrifugal Force, Th. Des Coudres 1 gives results obtained with two cadmium voltameters mounted as to be rotated about a vertical axis. The tubes were each 20 cm. long so placed that the electrodes were approximately 10 and 20 cm. from the axis of rotation. The electrolyte was a solution of cadmium iodide. This salt is especially suited to show the gravitational effect on the ions, since the equivalent weight of cadmium is 56 and that of iodine is 126, while the migration constant is greater than 1. In the solution used by Des Coudres it was 1.12. The results are given in terms of revolutions per sec. It is to be noted that the value given for the E.M.F., as is pointed out by Des Coudres in a later article, should be divided by two since the values used for the equivalent weights are twice too large.
Des Coudres has also measured the direct effect of gravitation on the ions. In this work he uses a glass tube with cadmium amalgam electrodes ; the tube being mounted so as to revolve about a horizontal axis. The method of measurement was by means of a potentiometer which gave the result in terms of a Daniell cell. Connection from the voltameter to the galvanometer was made by means of glass and rubber tubing filled with mercury. The reversing key was a four-way glass stopcock. A detailed discussion is given of the various corrections which enter into the result. First, the correction for the buoyant force of the electrolyte; second, a small E.M.F. due to concentration caused by compression ; third, the compression changes the density of the salt in solution making a correction to the first correction ; fourth, a concentration change due to diffusion; fifth, a thermal E.M.F. due to heat liberated by compression. He shows that all these corrections except the first are so small as to be neglected without impairing the observed results. The results are given in terms of the migration constant. He finds that for a 23.8% solution of cadmium iodide n-1.236; Hittorf's 2 result being 1.184, that of Lenz 3 1.165 to 1.161. Des Coudres then discarded cadmium iodide and used more simply constituted electrolytes. A voltameter was built of two tubes of such form as to be kept in water-baths. These baths were suspended from pulleys over head in such a manner as to raise one while the other is lowered through a distance of 4 meters. • The two glass tubes were connected by a rubber tube filled with the electrolyte. The electrodes were made of mercury.
His results are given in the following table. They are calculated from the mean of from four to eleven determinations of a particular resistance, w z on the potentiometer. The method used was to make a small cell in a test-tube which was placed in a piesometer filled with oil. Pressure was applied by means of a Ducretet pump. Variations of the E.M.F. were measured by the potentiometer method, method of opposition, and a reverse potentiometer method in which the auxiliary cell had a lower E.M.F. than the cell investigated. A Lippmann electrometer was used to indicate the points of perfect balance. Gilbault has shown that the variation of the E.M.F. with pressure in non-polarizing cells maybe expressed by the equation :
Where P is the pressure expressed in dynes and dv is the change in volume of the contents of the cell when 1 C.G.S. unit of quantity has passed through the cell. His results are as follows :
[VOL. XIII. This survey of the work done upon the effects of gravity and pressure shows that the looked-for effect in the case of gravity has been obtained with considerable degree of accuracy by using the chlorides of the metallic earths and with a much less degree of accuracy by using cadmium iodide; while the effect of pressure on the more common forms of commercial cells gives results which accord with theory in a very remarkable manner.
EFFECT OF GRAVITY.
Apparatus and Methods.-The work about to be described has been done with zinc and cadmium sulphates, the two most important electrolytes perhaps used by the physicist. The voltameter was mounted so as to rotate end over end about a horizontal axis in the constant temperature room of the Physical Laboratory. This room is a small inside room surrounded with brick walls and 0 Galv. closed with double doors. The voltameter was turned by means of a brass rod, which served as the axis of rotation, and which passed through a small hole in the wall into the observation room where it extended past and was supported by a brick pier ( Fig. i) . The length of this rod was about six feet. The pier, which extended to the second floor, also served as a support for a bracket to which the galvanometer was suspended. The galvanometer used had a resistance of 733 ohms and was capable of giving a sensibility of 2 x io~1 0 with a period of 18 sec. The connecting wires were insulated copper, all connections being made with binding posts, mercury or solder. To guard against the possible contact of the wires by the rotation of the voltameter one of the wires leading from the cell passed through a rubber tube. Mercury reverse and break keys were inserted so as to reverse the current and to cut the voltameter out of the galvanometer circuit while finding the sensibility. Voltameter No. I. (Fig. 2) was constructed of two small bell-jars with openings in the top and sides. These were cemented together with bicycle cement after having electrodes fixed in the ends by means of corks and cement. The electrodes were cast from C. P. zinc. When constructed the distance between electrodes was 27 cm., the diameter 7.5 cm. The electrolyte was a 10-per-cent. solution of zinc sulphate (10 grams of salt dissolved in 90 cc. water). The method first used was to place the cell in one arm of a wheatstone bridge and to balance it against an equal resistance and observe the deflection of the galvanometer when the voltameter was reversed. From the figure of merit of the galvanometer, the average difference of deflection in the two cases, the resistance of the
various arms, and the E.M.F. of the battery the counter E.M.F. in the voltameter was calculated using Kirchhoff's laws. By this method the counter E.M.F., i. e. y the E.M.F. due to gravity, was found to be down through the voltameter. In 1898 the mean of 1,350 readings taken by this method showed the E.M.F. down to be 4.48 x 10 ~4 volts. This was with a voltameter diameter of which was 4 cm. and length of which between electrodes was 9 cm. A possible explanation of this deviation from the results found later is the polarization of the electrodes due to the large current and the friction of eddy currents in the electrolyte caused by the rotation of the voltameter. As this method promised very little the voltameter was short-circuited through the galvanometer and a resistance box. drawn down to small diameter. T tubes were fused in the ends near the electrodes for convenience in filling. The electrodes, a, were made of a bar of C. P. zinc cut in two in the middle; the two contiguous parts being exposed to the electrolyte. These were fastened in the tube by means of short perforated corks, e, and a filling back of the corks of melted cement. This tube was provided with the proper mountings and placed on the end of the brass shaft after being filled with the electrolyte. To exclude air bubbles the tubes, c, were closed carefully with ordinary corks. This tube also gave a throw when rotated from horizontal position to vertical, or from the vertical position through 180 0 to vertical.
When rotated from horizontal through 180 0 to horizontal no deflection was detected. Short-circuiting the voltameter by a wire connecting the two electrodes together removed the disturbance, showing that it was in the tube and not due to magnetic influence.
To try the effect of pressure on the electrodes without changing • their position, a U tube was fused to one of the tubes, c, while the other was fused shut. Pressure was applied by placing over the U a rubber tube filled with mercury. This tube passed through the wall along a shelf and was connected to a reservoir which could be raised and lowered by the observer at the telescope. The galvanometer gave a throw in the same direction both when putting on and relieving the pressure. (Fig. 4) . This tube was made by taking two pieces of glass tubing and fusing a platinum wire in one end of each. T's were also fused into these a short distance from the ends. To these T's long narrow tubing with glass stopcocks were fastened. In the end containing the platinum wire zinc amalgam was placed. After this operation the two tubes were fused together making an enclosure which would be absolutely rigid except for the elasticity of the glass. The smaller tubes were bent in the form of a U above the stopcocks and joined to a T by means of rubber tubing. After the voltameter had been filled with the electrolyte up to the bend in the side tubes and the rubber tube, filled with mercury, had been attached to the T tubes, e> the pressure could be varied at will by raising or lowering the reservoir of mercury in the observation room. By means of the stopcocks the pressure could be applied through one or both ends. By this means the slight flow of the electrolyte due to the expansion of the glass due to pressure could be made to wash either electrode. The effect of variation of pressure on this voltameter was not very marked. By a careful comparison of a large number of observations a slight increase of current is noted when the pressure is increased. This effect can be explained to some extent at least by the decrease of resistance due to pressure. Upon relieving the pressure the effect is not so marked, if present at all. From these results it would seem that the effect noted in voltameter No. I. and No. II. was due to the kind of electrodes and the manner of inserting them in the tube. Since the cement used was of about the consistency of Burgundy pitch the added pressure would move the electrodes to a certain extent. To obviate the pressure due to the electrolyte, a voltameter (Fig. 5) was constructed in which zinc sulphate paste was used as an electrolyte. This tube was made in the form of an H, the zinc amalgam electrodes being placed in the diagonally opposite ends of the arms. The zinc sulphate paste was made by grinding zinc sulphate and water together in a mortar until it was a semi-fluid. This was placed in the tube and the ends of the arms opposite to the electrodes were closed with corks over which melted bicycle cement was placed. On account of the great difference in the electrolyte immediately next to the electrodes a comparatively high E.M.F. was always present. This required a high resistance to keep the deflection of the galvanometer on the scale. This resistance cut down the sensibility to such an extent that readings were impossible. During these experiments the disturbing elements due to the Dynamo Laboratory, and to varying currents in the neighboring power and car lines rendered the reading very uncertain and at times impossible. To better the conditions observations were made between 11 P. M. and 6 A. M. It was found that after midnight the disturbances were approximately one-tenth of those in the daytime. Never in any case was it possible to read the deflection to within 1 mm. with any degree of accuracy when the galvanometer was in its most sensitive position. Finally after wasting several nights the method of multiplication was tried. In this method the E.M.F. of the circuit is reversed in unison with the swing of the galvanometer needle until a final maximum deflection is reached, the maximum depending upon the E.M.F. and the damping factor of the galvanometer.
Let A Q be the deflection of galvanometer. The damping factor was computed from the observed value of the logarithmic decrement / but it was found that better determinations could be had by placing a reverse key in the circuit and reversing a known E.M.F. in unison with the swing of the needle. This damping factor varied with the sensibility of the galvanometer. A number of results at different sensibilities were found, and with the results a curve (Fig. 6 ) was plotted using galvanometer sensibilities as abscissas and damping factor as ordinates. The damping factors used in the later calculations are read from the curve.
To use this method in the case of the determination of the E.M.F. due to gravity, we start with the voltameter horizontal and the galvanometer at rest; suddenly turn the voltameter to a vertical position and at the instant the needle reaches its greatest elongation turn the voltameter through 180°, repeating the operation when the needle reaches its greatest elongation on the other side. This process is continued until the deflection reaches a maximum. If the magnetic field changes a larger or smaller deflection will be noted depending upon the position of the needle at the instant, but by rotating in unison with the needle the old maximum will be obtained. The advantages of this method of observation are : large deflections, the elimination of the effect of disturbances in the magnetic field, and the elimination by repeated reversals of the tube of the thermal E.M.F. due to the difference of the temperature of the two ends. The disadvantages are: errors due to not rotating the tube at the proper instant, and errors due to duration of rotation. With proper precautions the errors of this method are very small. The cycle of operations by means of which the results given in the following tables were obtained was as follows :
(a) Starting with the tube in normal position ( horizontal and commutator straight) the tube was turned to the vertical position and reversed repeatedly in unison with the galvanometer needle until a maximum deflection was obtained.
(J?) The above operations were repeated with the commutator reversed. These operations were followed until six determinations of the maximum deflection was obtained.
(c) Starting with the tube horizontal but turned 180 0 from the normal position, the tube was turned to the vertical and rotated until a maximum deflection was obtained. The commutator was straight and reversed alternately as before until six more determinations were obtained. The mean of the twelve determinations of the maximum deflection was taken. Table V . contains a set of readings which will illustrate the method. Voltameter No. V. (Fig. 7) which may be described as a sample of all made afterwards was made of glass tubing the inside diameter of which was about 1 cm. The amalgam electrodes were made by first solidifying the amalgam in the ends of short pieces of i6 ROLL A R.
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[VOL. XIII. tubing and subsequently fusing these to the long tube which formed the body of the voltameter. Side tubes with glass stopcocks were fused on at either end. Some later tubes had only one stopcock the electrolyte being run in through a small capillary tube. The amalgam was made after the formula given by Kahle.
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This amalgam, however, contained too much mercury to be satisfactory. In order to remove the air bubbles from the electrolyte it was necessary to attach the tube to an air pump. This caused mercury to come to the surface of the electrode and at times to be detached entirely. After letting the pressure of the atmosphere on the electrode, the mercury would disappear from the surface but the metallic lustre between the surface of the glass and the amalgam had disappeared also. This metallic lustre seemed to be an important factor. In every case with zinc amalgam after the electrodes be-
came granular, disturbances inside the voltameter became so great as to render the tube worthless. The method pursued was to build the tube and place it under the pump, then shake off the extra mercury and allow it to pass out through the stopcock. After this the tube was broken, the amalgam melted and poured out, the short ends w r ith the platinum wire were fused again or new ones made. The amalgam was again placed in the short tubes which were again fused to the longer. To obtain a permanent metallic surface in contact with the inner surface of the glass it was found that it was necessary to place the amalgam in the tube immediately after the latter had been fused. Any moisture in the tubes after being fused gave a poor contact between the amalgam and the glass. Good contact or surface lasted a few days only. In the case of cadmium amalgam, no trouble of this kind w r as experienced. With amalgam made of I part cadmium to 6 parts mercury there was no tendency for mercury to be drawn out when under the pump.
The following table gives the results for 10 per cent, solution of zinc sulphate : No. VIII. was made with special care to get the electrodes set firmly in the end of the tube. The metallic lustre was perfect when first built, but this passed away with age.
The following is the theoretical calculation of the E.M.F. per cm. height. The value of the migration constant used in this calculation is taken by interpolation from the three values given for zinc sulphate in a table of electro-chemical properties of aqueous solution by Rev. T. C. Fitzpatrick.
The value used is n = .715 for 10 per cent, solution.
In the formula
we assign for zinc sulphate the following values : Kat = 3^ (65) 
V=i/ 7 .
f"=i/io. No. i.] ELECTROLYTIC ACTION.
We have -* = 1.1 [32.5/7-H 80.5/10]^.
<? = 0.124 x io~8 volts.
E= -2.4 x io~8 volts.
The sign -indicates that the current flows up through the tube opposite to gravity. This, perhaps, would seem at first thought to be inconsistent with the law of conservation of energy. It will be noted that when 32.5 grams of zinc is carried with the current that 57.7 grams of SO^ moves in the opposite direction. The E.M.F. is due to the excess of the mass of S0 4 over the mass of zinc. This E.M.F. will continue until the E.M.F. due to difference in concentration is large enough to balance it. In case the rate of diffusion is great enough to prevent an appreciable difference in concentration the source of energy must be the heat absorbed by diffusion.
With cadmium sulphate the results are a great deal more consistent than with zinc sulphate. The voltameters were made after the same plan as in the case of zinc. The cadmium amalgam was made after the formulae given by Jaeger & Wachmuth.
x Although the amalgam became crystalline at the surface of the glass in a short time there seemed to be no tendency for the electrolyte to creep between the two as in the case of zinc amalgam. A difference was noticed between zinc and cadmium amalgam in that the zinc seemed to adhere better to the platinum wire. After melting and pouring the amalgam out of the tube, a coating of the zinc amalgam adhered to the wire, while the cadmium amalgam left the wire perfectly clean. While removing the air from the cadmium sulphate solution small bubbles would form constantly. The vacuum was perfect enough to give a metallic click when the electrolyte was shaken. This action seemed to indicate that there might be a slow chemical reaction taking place in the electrolyte.
The results for lofo cadmium sulphate are given in the following table. The migration constant for cadmium sulphate seens never to have been experimentally determined. The constant corresponding to any E.M.F. may however be determined from the equation, The meaning of the small value of n is that the anions are moving with a very small velocity in the direction opposite to that of the current. The tendency in a concentrated solution would be for both ions to settle to the lower end of the tube and produce a difference in concentration.
In the above work the resistance of the voltameter was determined by taking the galvanometer deflections with various resistances in the box when the voltameter was in the horizontal position, the constant E.M.F. of the voltameter being used as the E.M.F. of the cell. Plotting the reciprocal of deflections as ordinates and resistances as abscissas, the intercept on the x axis will give the resistances of the cell plus the galvanometer resistance. The results obtained in this manner agree with the accepted values. It will be remembered that R. Colley, in the paper cited in an earlier paragraph of this article, found the resistance to be much larger by this method than the usual method of determination.
ROLL A R.
EFFECT OF PRESSURE.
Apparatus and Methods.-The effect of pressure on various cells was determined by connecting in opposition two cells whose E.M.F. were nearly equal and measuring the variations of the difference of voltage when one was subjected to pressure. In the first method the cell was made, in the H form, of heavy walled glass tubing with small inside diameter. This cell, which was a cadmium one, was made according to the directions given by Jaeger and Wachsmuth, The electrodes were placed with mercurous sulphate paste over the mercury, and cadmium sulphate crystals over the amalgam. One arm of the tube was fused shut, while the other, which was longer, served as an opening through which the cadmium sulphate solution was passed by means of a capillary tube. By patient work and care the H was entirely filled with the liquid. A long capillary tube was then fused to the cell which connected it to the piesometer. (Fig. 8) . Pressure was applied by means of a compression pump. The two cells were placed side by side in a block of wood and were connected through a resistance box to the galvanometer. The variation of the E.M.F. was determined by the deflection and sensibility of the galvanometer and the total resistance in the circuit.
The accompanying curve (Fig. 9) gives the results up to 75 atmospheres at which pressure the connecting tube burst. As the strength of the glass tubing limited the pressure applied, the cells were constructed so as to be placed in a piesometer the inside diameter of which was 2.5 cm. The cells were made in a modified H form (Fig. 10 ) in which the cross tube was omitted and the vertical ones fused together. This was done by blowing out a small bulb on the side of each tube and then blowing a hole in the bulbs and fusing together at these openings. The electrodes were placed in the ends and the paste and crystals placed over them. Next the cell was heated above the connection and the two tubes drawn down to capillaries. The cell was now filled and the capillaries broken off at the smallest point. It was then placed in the piesometer which was filled with kerosene. By this means the pressure on the inside and outside of the cell will be the same and any possible solution of the kerosene in the electrolyte will be avoided by the small surface of contact in the capillary tubes. Electric connection was made through two insulated conductors passing through the cap of the piesometer. To avoid errors due to change of temperature the piesometer was immersed in a large water-bath and the compensating cell in a kerosene-bath which was in turn immersed in the water-bath. This water-bath was surrounded with an airjacket and this with a jacket of sawdust. The covering was made of cotton waste. By this means the temperature of the bath, which was approximately the same as that of the room, could be kept constant during an entire set of observations. Never in any case A\ ^S Fig. 10 . Fig. 11 .
could a change be detected by means of a thermometer which was graduated to tenths of a degree. Instead of determining the change of E.M.F. by means of galvanometer deflections, a potentiometer method was substituted. In this method 5 (Fig. n) is the cell under pressure, Pis the compensating standard cell, B is the auxiliary battery consisting of four gravity cells, a is a high resistance of from 50,000 to 70,000 ohms ; b is a resistance adjusted in proportion to the difference of the E.M.F. of P and S; G is galvanometer ; and K is triple mercury key by means of which the cells P and 5 can be balanced on the poten-tiometer. The connections as marked by the heavy lines, permit the cell P to be balanced by the resistance b, while the connections as shown by the dotted lines permit the difference of the two cells in case the E.M.F. is less than P, being balanced by c. When the cell under pressure 5 has a higher E.M.F. than P, the balance can be made on c by diagonally connecting the four right hand mercury cups. The smaller the difference of the E.M.F. of the two cells the less will be the error introduced by any variation of the E.M.F. of the battery B. By means of this method the change of a cadmium cell with pressure up to 300 atmospheres, was determined. It was found to be linear as is shown by the curve (Fig. 12) . In a Clark cell, made according to the directions given by Kahle, 1 the change is linear as shown by curve (Fig. 12 ), but it is necessary to allow the cell to stand a few minutes at each pressure in order to allow the E.M.F. to become constant. The time lag is shown by the curve (Fig. 13 ) in which time is the abscissa and E.M.F. is the ordinate. This may be explained by supposing that the change of E.M.F. at any time is due to the superposition of two changes ; a positive one due to pressure and a negative one due to increase of temperature caused by pressure. After a few minutes the cell regains its original temperature and the increase is that due to pressure alone. In a Carhart Clark cell, made in the H form with zinc amalgam electrodes but otherwise according to the directions given by Carhart, 1 the time lag is more pronounced than in the Clark. The curve (Fig. 14) gives both the time lag and the linear variation of E.M.F. with pressure, since the time intervals are equal. In the one-volt calomel cell, made in the H form but otherwise according to Carhart, 2 the curve (Fig. 15) rises rapidly for the first 25 atmospheres and then bends over, reaching a small linear increment at 100 atmospheres. The satu-rated calomel, made the same as the zinc calomel, except that the zinc chloride solution is saturated, gives the same kind of curve ( Fig. 15) as the one-volt calomel. The rise at first is not so great and the linear part of the curve is slightly steeper than that of the one-volt calomel. The E.M.F. of this cell was .856 volt. In the copper sulphate cell the variation was quite small and in the negative direction. This cell was made in the H form with zinc amal-gam and copper, placed on a platinum wire, as electrodes. The zinc amalgam was covered with zinc sulphate paste, and the copper electrode was surrounded with a saturated solution of copper sulphate containing an excess of the crystals. After a diaphragm of blotting paper had been inserted over the copper sulphate solution the cell was filled with a saturated solution of zinc sulphate. The E.M.F. of this cell was 1.078. The time lag was very great, requiring fifteen minutes to settle to a constant value. This rendered the observations slow and uncertain. The silver chloride cell made according to the directions given by Carhart, 1 except that zinc amalgam was used instead of zinc, gave a curve (Fig. 16 ) which is nearly linear but curves slightly to the right. The silver chloride used in this cell was freshly precipitated from a silver solution, and cast about the silver wire. The same cell with an old silver chloride electrode which had been in the laboratory twenty or more years, and had turned black, gave a very rapid increase of E.M.F. for the first 25 atmospheres and then diminished as shown by the curve marked AgCl (black) (Fig. 16) .
A comparison of the pressure effects on the various cells investigated are given by the curves (Fig. 17) and also a tabulation of re- suits in Table XI . In Fig. 17 the zero line for the curve AgCl (black) has been dropped to • -4000. The E.M.F. of the cells were determined by comparison with cadmium and Clark cells, assuming the E.M.F.'s and temperature coefficients as given by the Reichsanstalt.
